Background: To our knowledge, there have been no previously published reports characterizing lower-extremity amputations in Canada. The objective of this study was to describe the indications and outcomes of lower-extremity amputations in the Canadian population.
D
espite advancements in limb salvage treatments, lower-extremity amputations continue to pose a substantial health care challenge. In the United States, for example, there are more than 1.6 million amputees, and that number is projected to double to 3.6 million by the year 2050. 1 There is a large variability in the annual global incidence of amputations, which varies between 0.4 and 116 amputations per 10 000 people. 2 Reassuringly, however, amputation rates have not increased in several decades, possibly because of better surgical and medical preventative strategies. 3 Of the many risk factors that result in a patient requiring an amputation, diabetes is the most prominent, and affects 1 in 3 British and almost half of Australian amputees. 4 Diabetic amputees have a greater risk of heart failure, further amputation and death than nondiabetic amputees. 5 To our knowledge, there have been no previously published reports characterizing lower-extremity amputations in Canada. The aim of this study was to investigate the trends in lower-extremity amputations among Canadian patients and describe their associated clinical outcomes.
Methods
We analyzed the Canadian Institute for Health Information (CIHI) Discharge Abstract Database for the years 2006-2009 to identify all lower-extremity amputations.
Inclusion and exclusion criteria
The analysis included acute inpatient records of adult patients (age ≥ 18 yr) who received an above-or belowknee amputation for ischemia or malignancy in a Canadian hospital (excluding the province of Quebec, which does not participate in the CIHI database). Only the index admission for amputation was included in the analysis. The analysis excluded pediatric and trauma patients and outpatient encounters.
Patient identification
To identify the patients, we queried the CIHI database for the Canadian Classification of Health Interventions (CCI) codes "1.VC.93" (femoral amputations, which include all above-knee amputations) or "1.VQ.93" (tibial and fibular amputations, which include all below-knee, foot and toe amputations) in any position within the intervention fields, and the International Statistical Classification of Diseases and Related Health Problems, 10th Canadian Revision (ICD-10-CA) codes "E10-E14" (diabetes mellitus) or "C00-C97" (malignant neoplasms) in any position within the diagnosis fields.
Statistical analysis
Descriptive statistics were generated for continuous and categorical variables. Where appropriate, we stratified the analysis by the type of surgeon who performed the initial amputation: vascular, orthopedic, general, or "other" surgeon. The "other" category mostly comprised plastic surgeons and podiatrists.
We developed multivariable logistic regression models to identify factors associated with prolonged (> 7 d) hospital stay after an index amputation, discharge home and death in hospital. The regression models controlled for the type of surgeon who performed the initial amputation (reference category: vascular surgeon), female sex, the type of hospital (academic v. community), age, province (reference category: province of Ontario), type of amputation (reference category: below-knee amputation), diabetes mellitus, hypertension, ischemic heart disease (IHD), congestive heart failure (CHF), hyperlipidemia and whether the patient underwent a reamputation on the same admission. Owing to their relatively small numbers, we analyzed patients from the Yukon, Northwest Territories and Nunavut as part of a single "northern territories" category. We considered results to be significant at p < 0.05.
All analyses were carried out using SAS statistical software version 9.3 (SAS Institute Inc.). We obtained approval for this study from CIHI's Privacy, Confidentiality and Security Committee and the research ethics board of the University of Toronto's University Health Network. The research was conducted using an anonymized database of thousands of amputees, and so obtaining consent from individual patients was not deemed necessary.
Results
A total of 5342 index lower-extremity amputations were identified in our data set. amputation. Amputations took place a median of 3 days after patients were admitted to hospital.
Diabetic complications accounted for most hospital admissions (Table 2) . Those included ischemic and neuropathic ulcers secondary to type 2 diabetes in 81% of patients, followed by type 1 and "unspecified" diabetic ulcers in the remainder of patients. While lower-extremity tumours accounted for only 3% of all lower-extremity amputations, the majority of those (88%) were carried out by orthopedic surgeons.
Patients who required a reamputation most commonly underwent a below-knee amputation (61%). An above-knee amputation was performed in 22% and a foot amputation in 14% of reamputation patients (Fig. 1) . Further amputations on the same admission were required in 537 (10%) patients.
The median length of stay in hospital varied by the type of surgeon performing the procedure. Vascular surgery patients were admitted for a median of 16 days, orthopedic patients 17 days, general surgery patients 19 days and other patients 21 days. Patients requiring reamputation spent a median of 37 days in hospital.
A greater proportion of patients (44%) were discharged to a long-term care facility, whereas 21% were discharged to another inpatient facility ( Fig. 2 ) and 27% were discharged home. Overall hospital mortality was 9%. Patients who required a reamputation and those who did not require reamputation both had a 9% mortality.
Factors associated with a prolonged (> 7 d) hospital stay are listed in Table 3 . Undergoing amputation by a general surgeon; undergoing amputation in the provinces of Newfoundland and Labrador, New Brunswick, or British Columbia; having a history of diabetes, hypertension, IHD, CHF or hyperlipidemia; and undergoing a reamputation on the same admission all predicted a longer Ischemic heart disease 346 (18) 330 (17) 243 (18) 32 (24) 951 (18) Congestive heart failure 184 (10) 190 (10) 140 (10) 15 ( (4) 48 (2) 62 (5) 25 (19) 213 (4) Toe 21 (1) 13 (1) 17 (1) 7 (5) 58 (1) GS = general surgeon; OS = orthopedic surgeon; SD = standard deviation; VS = vascular surgeon.
*Unless indicated otherwise. (1) 15 (1) 1 (1) 42 (1) Heart failure 6 (0.3)
Other cardiovascular disease 125 (7) 56 (3) 59 (4) 9 (7) 249 (5) Other diseases 17 (1) 17 (1) 8 (1) 1 (1) 43 (1) GS = general surgeon; OS = orthopedic surgeon; VS = vascular surgeon. 
discussion
Our results demonstrate a regional and surgeon-dependent variability in the delivery and outcomes associated with lower-extremity amputations across Canada.
Indications for amputation
Eighty-one percent of the patients in our data set underwent lower-extremity amputation during a hospital admission for diabetic complications. The actual number, however, is likely higher, as other admitting diagnoses, such as skin disease, infection and cardiovascular disease, may also be secondary to diabetes. Our finding is consistent with previously reported proportions of amputations due to diabetic complications ranging between 25% and 90% globally. 6 As such, the importance of appropriate outpatient support for these patients cannot be overstated. A recent report by Brooke and colleagues 7 demonstrated that patients who received high-quality outpatient diabetic management had superior limb-salvage and lower re admission rates postamputation.
Approximately 3% of patients underwent amputation for lower-extremity malignancy. The most frequent malignancy-related admitting diagnoses were "malignant neoplasm of connective and soft tissue of lower limb, including hip" (34%), "malignant neoplasm long bones of lower limb" (21%), "malignant neoplasm skin of lower limb, including hip" (10%) and "secondary malignant neoplasm of bone and bone marrow" (10%). The actual number of lower-extremity amputations performed for malignancy is probably higher, however, as our database did not include pediatric amputations. Malignant bone tumours, such as osteosarcoma and Ewing sarcoma, account for 6% of all malignancies diagnosed in patients younger than 20 years, and two-thirds of those occur in the lower extremities. 8 Most of the amputations performed by general (81%) and orthopedic surgeons (58%) were done in community hospitals, whereas most of the amputations performed by vascular surgeons (67%) were done in academic centres. This is likely because vascular surgery in Canada is increasingly concentrated in tertiary hospitals and large referral-centres, many of which are university-affiliated. As such, in community hospitals with no readily available vascular surgery support, amputations are more likely to be performed by general and orthopedic surgeons.
Reamputation on the same admission
Approximately 10% of patients required further amputations on the same admission. Of those, 41% were vascular surgery patients, while orthopedic and general surgery patients each accounted for 28% of reamputations. In the absence of patient morbidity scores within our data set, we hypothesize that this is likely reflective of a worse health state among vascular surgery amputees rather than any significant differences in technical outcomes between the various surgical specialties.
Our results are slightly lower than the 13% early reoperation rate reported by Aulivola and colleagues 9 in a population of lower-extremity amputees. Previously described predictors of below-knee amputation stump failure include the absence of a popliteal pulse and the presence of calf rest pain, feet tissue loss, postoperative stump trauma and wound infection. 10 Similarly, a history of coronary artery disease, cerebrovascular disease and impaired ambulation also predict lack of success after below-knee amputation. 11 
Hospital length of stay
Numerous factors predicted a prolonged (> 7 d) stay in hospital after lower-extremity amputation. General surgery patients were 1.5 times as likely to stay longer in hospital than vascular surgery patients. We hypothesize that this is because amputations comprise a smaller proportion of a Canadian general surgeon's practice than of vascular and orthopedic surgeons' practices. As such, general surgery teams are probably less experienced with the complex discharge requirements of amputees, which may explain why their patients spend more time in hospital postoperatively. Furthermore, general surgeons might be performing amputations in smaller hospitals without access to the discharge resources available at larger centres.
Amputations performed in certain provinces were predictive of a longer or shorter hospital stay than those performed in Ontario. This trend may be explained by regional variations in access to hospital and postdischarge resources, such as rehabilitation facilities and postdischarge community supports, as the provision of health care is primarily the responsibility of the provinces in Canada.
The trend may also be explained by differences in the demographic and socioeconomic characteristics across the country. First Nations Canadians, for example, form a greater proportion of the population in the central and western provinces and have a disproportionate burden of social issues and ill health compared with the rest of the population. 12 Conversely, most recent immigrants to Canada settled in Ontario and hailed from southeast Asia and the Indian subcontinent, where the incidence of diabetes and other cardiovascular risk factors differs from that in the rest of the Canadian population. 13 Unsurprisingly, patients in our study with a history of diabetes, hypertension, IHD, CHF or hyperlipidemia were more likely to have a prolonged hospital stay than other patients. Those risk factors are probably markers for poorer patient health that predict worse postamputation outcomes. A study by Hasanadka and colleagues 14 found that medical comorbidities, such as a history of myocardial infarction, CHF, chronic obstructive sleep apnea and dialysis use, predicted postoperative complications and mortality after above-and below-knee amputations.
Interestingly, above-knee amputees were more likely to be discharged earlier from hospital than below-knee amputees. This may in part be because those patients are less likely to have postoperative wound complications impacting their length of stay in hospital. Several studies have shown that above-knee amputations are associated with fewer postoperative wound healing issues than below-knee amputations.
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Discharge destination
Most patients (65%) were discharged to a long-term care or another inpatient facility, whereas a minority were discharged home (27%). A multicentre American study similarly reported that approximately 76% of amputees were discharged to an inpatient rehabilitation or skilled nursing facility, whereas approximately 24% were discharged home. 18 The authors found that while patient sex and race did not impact discharge destination, predictors of discharge home versus a long-term care facility included younger age, being married, not having previously resided in a nursing home, and not having experienced any postoperative complications while still in hospital.
We found that general surgery amputees were more likely to be discharged home than other patients. We hypothesize that this is because of the lower burden of disease in those patients compared with vascular surgery amputees, although this could not be demonstrated using this database. Compared with patients in Ontario, patients in several other provinces were also more likely to be discharged home. The reasons for this are unclear and are likely secondary to several systemic factors that merit future investigation. Finally, patients who spent more than 7 days in hospital were more likely to be discharged home than to a rehabilitation facility. This may be because some hospitals rehabilitated amputees as inpatients in their facilities rather than transfer them to another institution, and those amputees were then discharged home after completion of their rehabilitation.
Mortality
Nine percent of patients died in hospital on the same admission after undergoing a lower-extremity amputation. It was not possible to determine the reasons for death in our database, but previous studies have reported a 6%-10% 30-day mortality in this patient population. [19] [20] [21] Mortality among lower-extremity amputees has been shown to increase with the degree of renal dysfunction and is greatest in dialysis-dependent patients, who have a reported 30-day mortality of 16%. 22 Patients with diabetes have also been shown to have twice the risk of postoperative mortality after lower-extremity amputation compared with nondiabetic patients. 5 We found that orthopedic surgery amputees were more likely to die in hospital than other patients. Unfortunately, it is not possible to adequately explain this finding given the lack of detailed patient comorbidity and hospital admission details, such as postoperative complications. Predictably, older patients were also more likely to die in hospital than younger patients. We found a higher mortality in several provinces compared with Ontario, which cannot be explained by our data set. Having an above-knee amputation was also associated with greater risk of death, likely because of the progression of atherosclerotic and diabetic disease in those vulnerable patients.
Limitations
Several considerations limit the generalizability of our findings. Our database did not include amputations for blunt or penetrating trauma or pediatric amputations. We also did not have data on minor amputations, such as toe amputations, which were performed as day surgeries or in physician offices. The annual number of minor amputations across Canada is certainly larger than what was reported in the present study, but we captured only minor amputations when a patient was admitted to an acute care hospital primarily to undergo this procedure, which excluded from the analysis a large number of patients who underwent the procedure as outpatients.
Furthermore, patients from Quebec, Canada's second most populous province, were also not included. We unfortunately had very limited data on the patients' course in hospital, including operative details or complications that developed during the admission, or whether the patients had undergone any previous revascularization attempts.
Finally, our length of stay analysis must be interpreted with caution, as it was not possible to determine whether the amputations in our data set were performed electively or secondary to complications that developed during a hospital admission for another condition, which would likely have resulted in a longer hospital stay.
These limitations notwithstanding, this to the best of our knowledge is the first report on lower-extremity amputations across Canada, and our results might be helpful in providing a future direction for more detailed studies to better explain regional and surgeon-dependent variability in outcomes after lower-extremity amputations.
Future work
In the current political climate in the United States and Canada, where the performance of health care systems is subject to increasing scrutiny by government agencies, private insurers and the general public, several factors, such as in-hospital mortality and length of stay, have emerged as important performance indicators to measure the quality of health care delivery.
Our study has identified several avenues for future research on patients undergoing lower-extremity amputations. From a health care delivery systems standpoint, it would be useful to analyze the highest-performing hospitals where patients experienced the fewest postoperative complications and were discharged in a timely manner to glean any lessons that are generalizable to other institutions. A study from Britain demonstrated that factors such as the patient's type of admission, discharge destination, hospital type, specialty of the admitting physician and geographical region were all significant predictors of length of stay.
conclusion
Most nontraumatic lower-extremity amputations in Canada are performed for diabetic complications, but the delivery and outcomes after amputation vary according to the region and the type of surgeon performing the amputation. Future work is needed to investigate the reasons for this variability and to develop initiatives to improve the quality of health care delivery to this vulnerable patient population.
